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COOLED TURBINE ASSEMBLY 

The present invention relates to a cooled turbine 
assembly for use in a gas turbine engine. The invention 
5 has particular efficacy when used in a gas turbine engine 
for the purpose of powering an aircraft. 

It is known to provide air from a compressor of an 
associated gas turbine engine, for the purpose of cooling 
the engine turbine structure, ie at least the respective 

10 first high pressure high temperature stage of nozzle guide 
vanes, and/or the immediately following high pressure high 
temperature stage of turbine blades. Cooling is achieved 
by passing air bled from the compressor into passageways 
formed in the aerofoils of the respective vanes and blades, 

15 then ejecting the air into the gas annulus via slots in the 
trailing edges of the aerofoils. 

Some turbine designs incorporate a stage of turbine 
blades which lie in a gas annulus, wherein that part of 
which surrounding the stage of blades, is constructed from 

20 a number of segments known as shroud segments. The known 
method of cooling such a structure is to provide a flow of 
compressor air over the radially outer surface of the 
segments, the flow path being defined between those 
radially outer surface and a surrounding casing . 

25 The present invention seeks to provide an improved 

cooled turbine structure. 

According to the present invention a cooled turbine 
structure comprises adjacent stages ^ of guide vanes and 
turbine blades, wherein said turbine blades are surrounded 

30 in spaced relationship by hollow shroud segments that are 
connected via respective upstream ends to said guide vanes, 
leaked air from a central spaced volume in a gas turbine 
engine when operatively associated therewith, the passage 
of said leaked air from said central space volume to said 
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hollow shroud segment interiors being enabled by pipe 
members extending through said guide vanes which connect 
said space volume and said hollow shroud segment interiors 
in flow series and wherein said shroud segments include a 
5 leaked air exit aperture in their respective downstream 
edges . 

The invention will now be described by way of example 
and with reference to the accompanying drawings, in which: 

Figure 1 is a diagrammatic view of a gas turbine 
10 engine of the kind appropriate for the inclusion therein of 
a cooled turbine structure in accordance with the present 
invention . 

Figure 2 is an enlarged cross sectional view of cooled 
turbine structure in accordance with the present invention. 

15 Figure 3 is an enlarged part view of the shroud 

segment of Figure 2. 

Referring to Figure 1 a gas turbine engine 10 includes 
a compressor 12, combustion equipment 14, a turbine 
structure 16, and an exhaust duct 18. The turbine 

20 structure 16, has a stage of guide vanes 20, immediately 
followed by a stage of turbine blades 22, the latter being 
connected to a rotary shaft 24, via a rotor disk 26. 

Referring to Figure 2 the stage of turbine blades 22 
is surrounded in radially spaced relationship by a ring of 

25 shroud segments 28, which together make up the outer wall 
of that part of the gas annulus 30 within which blade stage 
22 rotates. 

Each shroud segment 28 is hollow and in the present 
example its interior is divided by a wall 31 into outer and 
30 inner compartments 32 and 34 with respect to the axis 36 of 
the shaft 24. Compartments 32 and 34 are connected in flow 
series by a plurality of small holes 38 in their dividing 
wall 31 and wall 31 is spaced from the innermost wall by 
support pillars 39, all of which is best seen in Figure 3. 
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Referring back to Figure 2 the leading edge 40 of each 
shroud segment 28 locates in a slot 42 that expands 
laterally of the axis of a respective tube 44 at its outer 
end, one of which tubes resides within each guide vane 20. 
5 The radially inner end of each tube 44 projects into a 
common annular compartment 46, which is provided for the 
receipt of contaminated air that during operation of the 
engine 10 leaks through various seal structures (not shown) 
within the general engine structure and collects in the 

10 space volume 48 between the combustion equipment 14 and 
shaft 24 (Figure 1) . 

During the said operation of engine 10 air 
deliberately bled from compressor 12 is passed through 
pipes 50, only one of which is shown, and which terminate 

15 in swirl vanes 52. The majority of the bled air on exiting 
the swirl vanes 52, flows through passageways 54 and 56 
into the interior of the aerofoil of each turbine blade 22 
so as to cool them in known manner. The remainder of the 
bled air leaks through seal 58 to augment the contaminated 

20 air in compartment 46. The mixed flow then -passes through 
pipes 44 into the outer compartments 32 in respective 
shroud segments 28 and thence via holes 38 into the inner 
compartments 34 to impingement cool the shroud segments 28 
inner walls. The mixed flow then passes around pillars 39 

25 which generates turbulence in the flow, thus increasing 
cooling efficiency and finally exits the shroud segments 28 
via slots 60 in their trailing edges into the gas annulus. 

During engine operation the gas flow passes across the 
exit slots 60 and generates a pressure drop in that region. 

30 This phenomenon boosts the mixed flow rate through pipes 44 
and so ensures efficient cooling of the shroud segments 28. 
Moreover use of leaked air as the main cooling medium for 
that purpose, obviates the need to provide a further 
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dedicated compressor bleed supply thus enabling more 
efficient engine operation. 

If a slam acceleration is needed during operation of 
engine 10 the resulting surge of fuel into the combustion 
5 equipment 14 effects a rapid rise in gas temperature which 
is felt throughout the turbine system. Turbine blade stage 
22 rotates at a greater speed which increases the 
centrifugal force thereon causing the turbine blades to 
creep, ie to extend their lengths. However guide vanes 20 

10 react to the increased heat by extending even faster thus 
pivoting shroud segments 28 radially outwards of the engine 
axis 36 about their downstream ends. To facilitate the 
pivoting movement the air inlet ends 40 of shroud segments 
28 are curved so as to provide point contact only with 

15 slots 42. By these means collision between the tips of 
blades 22 and shroud segments 28 is avoided. 

The pivoting capability of the shroud segments 28 as 
described immediately hereinbefore also enables the 
adoption of another feature namely the cooling of the 

20 casing 64 that surrounds the shroud segments 28 and 
supports their downstream ends 66. If casing 64 is cooled 
in the vicinity of the shroud segments 28 at least during 
normal running of engine 10 shroud segments 28 will be 
maintained close to the tips of blades 22 thus avoiding 

25 excessive clearances and subsequent loss in performance. 

Shroud segments 28 have been described hereinbefore as 
having divided interiors to define compartments 32 and 34. 
However they could have only one compartment (not shown) . 
In such an arrangement it would be beneficial to retain the 

30 pillars 39 so as to maintain strength and turbulence 
propagation. 



